We introduce an adaptive method for solving singular problems. In particular, the method can be applied to the simulations of nonlinear propagation of intense ultrafast laser pulses. This is a hard problem, because of the steep spatial gradients and the temporal shocks that form during the propagation. In this study we adapt the iterative grid distribution method [2] to solve the two-dimensional nonlinear Schrodinger equation with normal time dispersion, space-time focusing and self-steepening. Our simulations show that after the asymmetric temporal pulse splitting, the rear peak self-focuses faster than the front one. As a result, collapse of the rear peak is arrested before that of the front peak. Unlike what has been sometimes conjectured, however, collapse of the two peaks is not arrested through multiple splittings, but rather through temporal dispersion.
Simulations of ultrashort pulses
The nonlinear Schrodinger equation (NLS) does not include temporal effects. These effects become important in the case of ultrashort laser pulses, whose propagation can be modeled by the dimensionless nonstationary NLS [1] ( ) 
The scalar equation [1] does not take into account the vectorial nature of the electric field. Since the magnitude of vectorial effects is also
[4], neglecting vectorial effects in justified within the framework of equation~(2). Self-focusing in the 2D NLS, eq. is highly sensitive to small perturbations. A general method for analyzing the effect of small perturbations in the 2D NLS, called modulation theory, was developed in [5] . Application of modulation theory to eq. (1) showed that the self-focusing pulse would undergo an asymmetric temporal splitting. Such asymmetric splitting was later observed experimentally, as well as in numerical simulations of perturbed NLS equations which are equivalent to (2), see [6] . After the asymmetric temporal splitting the solution develops temporal shocks. As a result, standard numerical methods break down shortly after the pulse splitting. In order to find out the post-splitting dynamics we decided to solve eq.(2) using the IGR method. It turned out that solving eq. (2) is considerably more demanding than solving the stationary NLS, because in addition to the extra dimension and the high resolution near the two peaks, one needs to have sufficient global resolution for resolving the temporal oscillations which develop over the whole domain. As a result, although solving (2) with the `original' IGR method improved on previous simulation results, these simulations could still not proceed much past the temporal splitting. Therefore, in this study we improved the IGR method by introducing a high-order finite-difference scheme on nonuniform grids. This improvement enabled us, apparently for the first time ever, to present numerical simulations of ultrashort pulse propagation well beyond the asymmetric temporal splitting.
Appendix: Adaptive method based on the iterative grid redistribution (IGR)
We briefly review the adaptive mesh method which is based on an iterative grid generation procedure and is based on the variational principle.
In two (or higher) spatial dimensions, mesh distribution is usually obtained using a variational approach, specifically by minimizing a functional of the coordinate mapping between the physical domain and the computational domain. The functional is chosen so that the minimum is suitably influenced by the desired properties of the solution of the PDE itself through a monitor function. This mapping will then be iterated according to certain procedure [2] so that the resulting grid distribution can well resolve the the complicated structure of the solution.
The procedure is then incorporated into a static adaptive method for solving nonstationary NLS equations.
